Introduction
Predicting spatial patterns and rates of runoff generation and many geomorphic processes requires both a hydrologic model and characterization of the land surface. Most physically based models of hydrologic and geomorphic processes rely on either spatially distributed or lumped characterizations of local slope and the drainage area per unit contour length [e.g., Beven and Kirkby, 1979 ; O'Loughlin, 1986; Vertessy et al., 1990; Dietrich et al., 1993] , and digital hydrologic response using topographically driven models. In this paper, we assess how grid size affects topographic representation, derived topographic attributes, and hydrological simulations for two small catchments using highresolution digital elevation data. In contrast to previous studies, we grid the same elevation data at several different scales to isolate the effect of grid size on landscape representation. Issues associated with vertical sampling resolu- algorithm used to compute a determines this minimum value. While it is intuitive that larger grid size limits the resolution of fine-scale topographic features, the effect on both the mean and local a is significant for topographically driven hydrologic and surface process models.
Topographic Index
The topographic index (a/tan B) is an important component of many physically based geomorphic and hydrologic models, as it reflects the spatial distribution of soil moisture, surface saturation, and runoff generation processes [e.g., 
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where q is the total catchment runoff at time t -1 divided by the catchment area, r is the net recharge rate into the soil column, and At is the computation time step. The updated S at all points in the catchment are then computed using (2). Any area with a soil moisture deficit larger than the incremental precipitation in a unit time step will only produce subsurface runoff, while those areas with either a soil moisture deficit smaller than the incremental precipitation in a unit time step, or that were saturated during the previous time step will produce both subsurface and saturation excess runoff. The subsurface flow rate q/, of the catchment is We also examined the effect of DEM grid size on simulated hydrologic response considering both subsurface and saturation excess flow. We assumed that soil parameters were spatially uniform in our simulation to isolate the effect of topographic representation. We used values of 70 mm and 360 mm/h for the parameter m and surface hydraulic conductivity, respectively. For simplicity, we only calculated runoff production and ignored flow routing in channels.
Simulations were conducted with four rainfall intensities (5, 10, 50, and 100 mm/h) sustained for 4 hours and five initial base flow conditions (1, 2.5, 3.5, 4.5, and 9.5 mm/day). The lowest simulated rainfall intensity (5 mm/h) occurs frequently in these areas, and the highest simulated rainfall intensity (100 mm/h) represents an extreme event. At most times, the antecedent base flow rates for the study areas are less than 4 mm/day. The effect of grid size on computed hydrographs depends on both rainfall intensity and initial base flow (Figure 7) . To quantitatively examine these results, we normalized peak discharges computed with different grid size models by the corresponding peak discharges computed from the 90-m DEM.
A plot of normalized peak discharge versus grid size for a Figure 8 . In general, the computed peak discharge increases with increasing grid size. However, as the initial base flow increases, the effect of grid size on the computed discharge decreases. There are also some deviations from the positive correlation between the computed discharge and the grid size, especially for the Mettman Ridge catchment. Further examination reveals that the deviations in Figure 8a reflect variations in the back-calculated mean initial soil moisture deficit. For a given initial base flow, the mean soil moisture deficit generally decreases as the grid size increases, but there is a deviation from this trend at a 30-m grid size, where the initial mean soil moisture deficit is larger than that of 10-m grid size. With a larger moisture deficit and therefore a smaller saturated area, the runoff production rate will be smaller. For the Tennessee Valley catchment, both the computed initial mean soil moisture deficit and peak discharge vary more systematically with grid size.
The effect of rainfall intensity on the relation between computed discharge and the grid size is more complex (Figure 9 ). Within a rainfall intensity range of 5-to 10 mm/h for the Mettman Ridge catchment and 5-to 50-mm/h for the Tennessee Valley catchment, the difference between the peak discharge from grid sizes smaller than 90 m and that from a 90-m grid increases with the rainfall intensity. As rainfall intensity further increases, however, these differences decrease. This result is expected considering that peak discharge would be the same for all grid size models for the extreme cases of (1) 
Appropriate Grid Size
The results of our study invite the question of what defines an appropriate grid size for simulations of geomorphic and hydrologic processes using topographically driven models. This question is best examined in two parts; the relation between land surface and the spot elevation data used to create a DEM and that between grid size and the original spot elevation data.
The data used to create a DEM are a filtered representation of landscape sampled at some regular or irregular interval to build a collection of elevation data. The spacing of the original data used to construct a DEM effectively limits the resolution of the DEM. Decreasing the grid size beyond the resolution of the original survey data does not increase the accuracy of the land surface representation of the DEM and potentially introduces interpolation errors. The relation of the original elevation data to the land surface is a crucial, but often neglected, characteristic of a DEM. This is a problem with many commercially available DEMs. While there are data collection strategies that could optimize landscape representation (e.g., dense topographic sampling in areas of complex topography and sparse sampling in areas with simple topography), the average spacing of the data used to derive a DEM provides a guide to the grid size that would take full advantage of the original spot elevation data, and thus provide the most faithful landscape representation.
We suggest that the length scale of the primary landscape features of interest provides a natural guide to an appropriate grid size. The most basic attribute of many landscapes is the division imo topographically divergem hillslopes and convergent valleys. A grid size smaller than the hillslope length is necessary to adequately simulate processes controlled by land form. For other processes, the most appropriate grid size for simulation models is best scaled in reference to the process being modeled. For example, a coarse (e.g., 90 m) grid size may be most appropriate for modeling orogenic processes over large areas and long time scales.
Our results imply that it is unreasonable to use a 30-or 90-m grid size to model hillslope or runoff generation processes in moderately to steep gradient topography without some calibration of the process model. While a 10-m grid is a significant improvement over 30 m or coarser grid sizes, finer grid sizes provide relatively little additional resolution. Thus a 10-m -grid size presents a reasonable compromise between increasing spatial resolution and data handling requirements for modeling surface processes in many landscapes.
Conclusions
The grid size of a DEM significantly affects both the representation of the land surface and hydrologic simulations based on this representation. As grid size decreases, landscape features are more accurately resolved, but faithful representation of a land surface by a DEM depends on both grid size and the accuracy and distribution of the original survey data from which the DEM was constructed. These results have important implications for simulations of hydrologic and geomorphic processes in natural landscapes. Our ability to model surface processes soon will be limited primarily by data quality and other issues directly related to processes under consideration. We suggest that a grid size of 10 m would suffice for many DEM-based applications of geomorphic and hydrologic modeling.
